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© Sludge restructuring and conversion method. 

© A method is described for the restructuring of digester sludge and other raw sludges to remove biologically 
inert matter and t o anaerobically convert t he remaining solids into digester gas containing an increased volume 
of methane. Digester sludge residue (13) is treated to remove excess effluent (14) and is then restructured (with 
hydrolytic enzymes (19). aiKanne hydrolysis and ^solubilization of heavy metals (23)) to re3uce solids to soluble 
and micropamcuiate torm and to remove residual solids (26). The resultant nutrient BioFeedstock is recycled 
(30) back to the digester (11) for conversion into additional digester gas. The raw sludge inflow (33) to this 
interactive restructuring-conversion process may be supplied either directly (35) to the digester or may be 
restructured into BioFeedstock form prior to digestion (34). The residual solids may be removed as a recyclable 
^ organic fibrous concentrate (27) and a granular solids concentrate (28). The granular solids may be refined to 
^recover individual metals. 
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SLUDGE RESTRUCTURING AND CONVERSION METHOD 



BACKGROUND OF THE INVENTION 

This Invention relates to improvements to known methods of converting the biodegradable fraction of 

5 raw sludges into gaseous fuel. More particularly, it relates to the use of anaerobic digestion, enzyme 
hydrolysis and alkaline hydrolysis for processing of said sludges. 

Environmental protection, waste disposal, waste recycling, and conversion of organic wastes into energy 
are subjects of public and official concerns reflected in the literature, including publications of the United 
States Environmental Protection Agency (EPA) and the United States Department of Energy. 

* 0 Municipal Wastewater Sludge, removed in the purification of municipal wastewater in modern treatment 
plants, currently is produced at an annual rate of about 2,750 dry weight tons per 100,000 population. It 
usually includes a dilute mixture of primary and secondary treatment sludges containing about 30% 
inorganic and 70% organic matter. Usually, such raw sludge is stabilized by anaerobic digestion; a marginal 
amount of methane gas is produced; and the digester sludge residue is processed to waste disposal. 

75 Usually about 50% of digester sludge is undigested organic matter and biologically fresh anaerobic 
microbial biomass. Coliform bacteria is present at typical concentrations of 30,000 to 6,000,000 per 100 
milliliters, viral pathogens at 100-1,000 per 100 ml, and Salmonella at 3-62 per 100 ml. The parasite Ascaris 
Lumbricoides, however, survives digester treatment and is found in concentrations up to 1,000 per 100 ml. 
U.S. government investigators report heavy metals in digester sludge from cities in the United States at 

20 the following median concentrations: 
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Cadmium 


31 


mg/kg 


Chromium 


1,100 


mgAg 


Cobalt 


100 


mgAg 


Copper 


1,230 


mg/kg 


Lead 


830 


mg/kg 


Mercury 


6.6 mg/kg 


Nickel 


410 


mg/kg 


Silver 


100 


mg/kg 


Zinc 


2,780 


mgAg 



The costs of dewatering and disposing of this volatile organic material in an ecologically acceptable way 
are more than $150.00 per dry weight ton in many areas of the United States. Agricultural usage is 

40 restricted by the content of toxic heavy metals and other constraints. Sludge production and the costs of 
sludge processing-to-disposal are expected to increase substantially during the next decade. 

Concerns about toxic metals and pathogens are reflected in published reports and in proposed 
regulatory programs which the EPA considers necessary for compliance with the mandates of the United 
States Clean Water Act and Resource Conservation Act. 

46 Municipal Solid Wastes (MSW) are the major source of biodegradable organic materials from urban 
areas, being produced at an annual rate of about 40,000 dry weight tons per 100,000 population. Also 
produced annually is about 20,000 tons of inorganic and nonbiodegradable material. Most of this material is 
currently disposed of in landfills; however, disposal costs are increasing because of a developing shortage 
of convenient disposal sites and the need to control seepage of effluents containing heavy metals and other 

60 toxins. MSW incineration is an alternative method of stabilization and energy recovery; however, in some 
areas it is unacceptable to discharge the products of combustion, which may include vaporized heavy 
metals and toxic organic compounds. 

The energy potential of the 50% to 75% organic fraction of MSW is illustrated by the fact that part of 
this material converts to methane gas in the landfills by anaerobic bacterial decomposition. This results in 
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SUMMARY OF THE INVENTION 

The method of this invention is adaptable to the , 
wastewater sludges. The objectives are: ° f resources by the onsite restructuring of 

«o ^ ^ ~ 8 " bi0d " radab,e - digester gae resuKng in an increased vo.ume of 

SSf^lyS^ *" SUCh to an inert, easily dewatered concentrate of 

The methods of this invention are ariar.tohu +~ u 
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methane, and 

to reduce the residual solids remaining after such treatment to relatively low volume concentrates. 

The method of this invention includes the means for disintegrating conglomerate raw sludges into low 
5 molecular weight, nonagglomerated constituents, thus: 

no destroy viruses, bacteria, microorganisms, and other parasites; and 

to facilitate the removal of biologically inert matter in a form suitable for classification and segregation into 
10 its constituents. For instance, heavy metals may be concentrated in a condition suitable for refining to 
recover individual metals. 

The resultant BioFeedstock of soluble and microparticulate nutrients may be metabolized relatively 
rapidly by the microorganisms in an anaerobic digester, free of extraneous inert matter and free of the 
inhibitory effect of toxic metals and competitive microorganisms. The objectives are: 

15 

"to accomplish a more complete conversion of biodegradable matter into an increased volume of digester 
gas; 

"to produce digester gas with a higher proportion of methane; and 

20 

to reduce the digester temperature and/or hydraulic retention time required to convert solids into gas, thus 
to reduce the costs of digester reactor structures, related equipment and operations. 

The method of this invention includes the means for restructuring the discharged component of the 
microbial biomass which was created by the proliferation of anaerobic bacteria within the digester. This 
25 component of the digester sludge is recycled back to the sludge restructuring process of this invention, for 
disintegration and removal of detritus, thus to produce fresh nutrient BioFeedstock for supply to the 
digester. 

The method of this invention includes the means for repetitive processing of resistant organic 
particulate matter that may initially survive the restructuring and anaerobic digestion processes of this 
30 invention. This is accomplished by recycling such resistant particulate matter through the sludge restruc- 
turing process of this invention to continually impcove its biodegradabilrty before each return to the digester. 

A major environmental objective Is to reduce pollution inherent In the land or sea disposal of, or 
incineration of, municipal wastewater sludges and solid wastes. 

A major economic objective is to save capital and operating costs otherwise required for treatment-to- 
35 disposal of municipal wastewater sludges and solid wastes. 

The foregoing objectives are obtained and organic sludge is converted to a gaseous fuel by the method 
comprising: 

(a) hydrolyzing said sludge with hydrolytic enzymes; 

(b) further hydrolyzing said sludge by alkaline hydrolysis to fluidize the organic content of said 
ao sludge; 

(c) neutralizing the product of said alkaline hydrolysis by adding acid thereto; 

(d) removing non-fluidized solids from said neutralized product; and 

(e) anaerobically digesting said neutralized product to form a gas. In practice there will usually be a 
non-gas residue following the anaerobic digestion of step (e). and the non-gas residue will be recycled 

45 through steps (a) through (e) together with added raw organic sludge. 

The method includes the use of an improvement upon our earlier method disclosed in U.S. 4,342,650. 
Our earlier method processed sludge by disintegrating it and hydrolyzing it with hydrolytic enzymes. The 
present method adds the feature of alkaline hydrolysis to highly fluidize the organic matter in the sludge. 
If toxic metals are present in the sludge, the improved method provides for their removal. This is done 
50 by neutralizing the alkaline hydrolysis product with phosphoric acid to form insoluble metal phosphates. The 
insoluble phosphates can then be physically separated from the fluidized organic matter. 



DESCRIPTION OF THE DRAWINGS 

55 

Rg. 1 is a flow diagram which illustrates the method of out invention for restructuring and converting 
raw sludge into digester gas, a reclaimed water effluent, and residual solids concentrates. 
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sludges are also Indicated. ™»wpai soiia wastes. Other sources of pretreated raw 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

digester gas. a major fraction of whfchTmeZe 1^^! " d Oon¥ " rt < ^ ante matter 

suc lass ~ for h -«r: 9 d^ via - 12 - usua,,y 

by effluent removal equipment 14 *Z^j££2L ?« Tl ' *** ^ te 

solids), thus increasing the solids content Z SLT f ( f h contain dis «"ved inorganic 
thickener or other iJLJXS. ma! £ ' * ** ran96 ° f W0% - A ^u*' 
recycled through the wastewater puE^^ ma * "» *r discharge or 

Thickened dioester sinrtno £ « ^ Bon P "^ses in a wastewater treatment plant 
invention ^2^^^^^ «* *e s.udge resLturing process of our 
tics of the sludge are restnjcto^^^^^ " nes < 7 " the physica. 

™f — ng, and homogenizing 

sludge solids. Typically, the resultant size toTEEJ SSI? 'induction and dispel of the 
= ,n diameter, and »e lengto of smalS W u" R£ " 

Peculate matter results in the hydrolysis rfSsSl^ J 9 !f ymes «* *• dispersed 
also serves to hydrolyze or degrade partcu^orS^J -r?* raCtK>n * ^P' 031 waste fudges and 
to facilitate contact between £ Tzy^^ZcT^ t"" ta mixed 38 
be accompiished most effectively within th e 5 to 7 TJS*, ""^ hydr ° ,ySiS reaction 

maintained for six to twelve hours. The effectiveness^ *f Zl'lT ten ]Psrature range 20-C to 50-C 
and time, and these facto* should be to* e £22£ ?2 °" te ™P**ure 

wnne taking economics Into consideration. «««™cs ot the raw sludge to be 

processed 

^^sx^Lz^riz"^ — «■ * ***** 

preferable to about pH 11 5 The ^lii„L T/i . q ntrty suffici9r, t to raise the alkalinity to dH irvn 

reaction increases with temperature and time and th«i ZT ™ e effectlve n*« of the hydrolytic 

Process to the characteristic?* me SSSiHS^SZ " 3,S ° into «" adiuLg £ 

tne £SS^^^ the siudge in process is pretreated to remove 
followed by intension S ab^^ * ^uceL pH to aboTs" 

hatab hydrochloric and nitric acids. TOs preSmen ^rtJ yd ^ en f u,fide S 88 - Suitable chemicals 
typically viscous sludge has been fluid SKf^ u** accom V ist ** economically after this 
preco„ ditioning reWzes ^ g T^^£ ^TV^ 5 Pr0C8SS ° f our Inve "«°"- Such 
^^solWs removal steps of our Invent r6Sponse " t0 *• »»•* ("solubilization 

homoge^SteJ^me hydrolysis! iTSffhST! inVent,0n is •* *• combination of 

metals ^solubilization step 23 of our mven«o ? " into metallic hydroxides. In the 

hydroxides to form insoluble n^^^^S^LT " ^ 31 24 to react wlth me m ^'»c 
upon the reduction of the pH of the SCCt^toSSo T^" t0 SO,UU ° n * ^ ° f 1,16 metal « 
the metals, in the form of insoluble phosphates a?e ZSSZ^^J 9 ** ° f ** P roce ^ng is that 
subsequent contacts with microorganisms nonbiodegradable and are therefore riontoxic in any 
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The resultant hydroiyzed intermediate product is conveyed via conduit 25 to Residual Solids Removal 
equipment 26. Therein centrifugal separators are preferably used to remove particulate matter. Such matter 
includes biologically-resistant Fibrous Solids produced at 27 and a Granular Solids concentrate produced at 
28, including metallic phosphates, grit, ash, and biodetritus. These residual solids may be economically 

5 dewa tered and classified into relatively dry concentrates because of the minimal content of water-retaining 
organic solids in the hydroiyzed inflow 25. 

By the optional addition of a chemical chelation agent at 29, heavy metal cations may be conditioned 
into forms which are easier to remove, as is well known in the art. It is usually advantageous to add the 
chelate chemical after removal of the fibrous solids and prior to removal of the granular solids. Other 

10 chemicals may also be added to facilitate removal or separation of the solids. 

We have found it practical to remove of 50% of the heavy metals that may be present In the sludge 
inflow 25 to residual solids removal equipment 26. However, this processing is usually adjusted, for 
economic reasons, to reduce the residual insoluble metallic phosphates and other biologically inert solids 
only to levels which will not adversely affect digester performance. The removed granular solids concentrate 

is 28 may be refined to recover individual metals such as cadmium, chromium, copper, nickel, or silver. 

The separated fibrous solids concentrate 27 is a potentially biodegradable by-product, and all or part 
may be recycled to the digester via conduit 31. Subsequent processing and reprocessing through the 
digester 11 and sludge restructuring process 17 in the interactive circle process of our invention will convert 
organic fibers and other biologically resistant organic material into digester gas and residual granular solids. 

20 A certain content of fibrous substrate material in a digester is usually found to be advantageous. Any 
excess amount of fibrous solids may be removed from process via conduit 32. 

The BioFeedstock thus produced via conduit 30 is a unique product of our invention. It contains 
biologically available nutrients in soluble and microparticulate form. The content of viable microorganisms, 
inert or nonbiodegradable materials, and heavy metals have been reduced to levels which permit more 

25 efficient operation of the digester. 

The BioFeedstock is introduced into digester 11 via conduit 30, thus completing the return of the 
restructured biodegradable fraction of waste digester sludge 13 back to the same digester from which it 
originated, there to be converted into additional digester gas. 

Raw sludge feedstock, as necessary to accomplish an efficient loading rate for the digester, is added 

30 into this sludge restructuring and conversion system via either or both of two alternative routes: raw sludge * 
from sources illustrated in Fig. 2 may be conveyed via conduits 33 and 34 and combined with thickened 
sludge 18 as additional inflow to the sludge restructuring process 17 of our invention. Thi§ will result in an 
increased flow of improved BioFeedstock 30 to the. digester 11. Alternatively, raw sludge may be added via 
conduits 33 and 35 so that the feedstock inflow to the digester 1 1 will include a mixture of raw sludge 33 

35 and BioFeedstock 30. In this event, the biologically inert fraction of matter introduced into digester 11 via 
conduit 35 is removed as digester sludge 13, processed through effluent removal equipment 14 and the 
sludge restructuring process 17 of our invention and is substantially removed by residual solids removal 
equipment 26. 

Optimum digester performance is obtained when all of the raw sludge is first processed through the 
40 sludge restructuring and residual solids removal steps of our invention. The resultant anaerobic conversion 
process will proceed more efficiently since substantially all of the biologically available feedstock is in 
soluble or microparticulate form practically free of nonbiodegradable matter, heavy metals in toxic form, and 
competitive microorganisms. Thus the digester can support a larger population of productive microorgan- 
isms, and the operating conditions can be adjusted to optimize this reaction. 
45 Typically, the pH level in the digester is maintained in the 6.5 to 8.0 range, and the temperature is 
usually in the range 32°-38°C; however, operation at temperatures as low as 27°C Is practical for situations 
in which existing digester capacity permits a longer retention time. A hydraulic retention time of a few days 
up to ten days is usually adequate, as compared to twenty to thirty day retention times typical for municipal 
raw sludge digester operations, 
so Improved digester operating results are directly attributable to: 

"more rapid conversion of organic matter into digester gas; 

'conversion of a larger portion of the biodegradable organic matter into digester (typically above 90% 
55 conversion as compared to the usual 50-60% for. raw sludge digestion); 

*a higher percentage of methane in the digester gas (typically 75% as compared to 50-60% for digestion of 
raw sludge); and 
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•correspondingly higher Btu values (up to about 800 Btu/scf as compared to approximately 600 Btu/scf for 
digestion of raw sludge). 

Referring to Fig. 2, there is indicated a well known method for Municipal Wastewater Treatment 

. ^Z?V n !l ent , 41 J S treat6d t0 remove 9rit 42 - P rocessed *™>* conventional prima^and 
222? r*™ 18 to remove ^'W 8 - ™ckener « is used to remove surplus wastewater effluent 
..suffiaently to produce a wastewater sludge 44, thickened to about 4.8% solids. After disinfection the 
treated wastewater effluent is discharged at 45. aisimeciion, tne 

Also indicated is a well known method for the classification of Municipal Solid Wastes (MSW) 51 bv drv 

» SSS^HS 10 "T t '! Sh ' ferr0US mStalS ' ° VerSiZe ^ Undersize materia ' 8 ' includi "9 <*ns, bottles, 
in It f2S T. r °f S ', as, \ an l sand - 1,19 remaini "9 subjected to a wet milling operation 5 

m which partculate size is reduced by grinding, and then to wet process removal of inorganic solids 54 by 
centnfugal and screen processing. Such processing is described in publications about the Resources 

SEX S™^^ ° ade C ° Unty ' F,0rida - b * *—» and CemoTe 

« ^II 2? ? ResourC8S R6COVery (Dade County) ' ,na At «■ installation, the resulting MSW 
« sludge 55 is dewatered and incinerated to produce steam which is converted into electric power 

The potential biochemical energy content of MSW cellulose is described by Paul F* Bente Jr 

^ZtZTiZ ^*?T? C ° Undl - Ar,in9t0n ' °" «• 1 ™ of the Bio-faLr^L^ 

255,^, 7116 ««• ° f P^ally Pleated cellulosic feedstocks to NSwTte 

«. 52? , 8Va,lab,e y f r0Und ' From 50 - 75 percent of NSW has materials with 50 percent or mo e 
20 cellulose, whereas naturally occurring lignocellulosic materials have only about 30-45%. The high celMose 

* b L* 9 PU,pi " 9 pr0C8SS -" 17,8 method of our invention Is effective in the 

WCSSSff* t09ether wi * * e more volaaie pufresdbte or9anic — " * 

^iSL^S^ w C0nV8rtin9 dry P r0C9SSed MSW sludge into methane gas is being tested and 
25? y f l Mana 9 8ment - ,nc - at *e ReFcoM plant near Pompano Beach Florida. Thfs p^ect Ss 

^rr, ° f Ener9y aBd fr ° m the Gas Research institute' 
. e9radab ' 9 solids mav 156 inverted into digester gas containing about 52% 
^emailr^T W rauhc J«™«™ time of ■ bout ten davs - ^ ^sr sludge residue containing 
ta • itaElfif ^s«y undigested organic matter will be dewatered and incinerated to recoveTX 
tor the digesters, operated at thermophilic temperature. 

inflow^ to SV!n ? 6 f!L aWB8 55 may 66 more adva ntageously processed as raw sludge 
SSrSJ? 9 " ^ " Restruc turing and Conversion Method of our invention. The sludoe 
^nfunng process 17 and the fibrous slids recycling feature (27 and 31) of our proces TcomSa 

TofoS 6 ,* 6 "ST*" ° f ^ Pred0m,nant,v C9,,u,osic « into dige^A SSv y 
InL^al meSs° 8 °" dS 00n - n «" « - 28 tor dispose, or for refining to recover 

fem! n r f 2ll«,.? ere iS "T"" inc,us ' ve, y other sources of raw sludges 61 pretreated to aqueous sludoe 
iTesic ^rL7^, S H ^ ^ nin9 ° Ver *° % bioda 9^ab te organic material may Seluteb e £ 
sTZfnv 1 f . d9e restnjcturin 9 and conversion method of our invention. Suitable sources o 

: q izr b ir s ^ *■* — 

i-^sissss saraisss ssr or in — and - 

te^S^^H • S 7 P ' e * ® oFeedstock (obtained at conduit 30) derived from wastewater sludoe was 
Safi hlL w 09 '^ C ° nVere,0n CnaraCteriSt,CS in a 'Eatery scale, single-stage digeste During 7e 
2dge ' 96Ster 938 WSS Pr0dUC8d 85 3 rate 31301,1 ei9ht times faster tha? for inversion 0 ? ^ 

a fr«r^ a ^.^ A batCh J Sa " iple ° f m,xed P rim ary-secondary wastewater sludge was tested before and 
after the restructunng and removal of inert solids. We obtained an average 63% reduJ™ , Z *? 

wereTbSLf ^ nickel ' 80(1 tead ' SffoJSnSS i me£ 

Z£ Phospn 2 ^ 0 f ° rmS: ^ ^ ^ Bi0F6edSt0Ck W8re in «» - biologiclly S 
Machines suitable for use in the particulate size reduction step 18 in the process of our invention 

£c sVriS a S a9 n h 3,Ud | e ^ mmlnUtor: •*■ th8 Ma2 -°- Rator machines availabIe trlTbls and Mye?s 
Inc Springfield, Oh,o. Subsequent processing may include use of the Dispax-Reactor 3-Steoe InHne 
d,sperser mach.nes available from Tekmar Company. Cincinnati. Ohio. These have high-speed T Sor-Stor 
generators to create dispersal and hydraulic shear forces to disintegrate ^72,^2 
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Alternative disintegration technologies may be used, such as piston-orifice, pressure-release homogenizers 
or ultrasonic wave energy to disperse solids in slurries, as are well known in the art. 

The hydrolytic enzymes employed in the process are added as an aqueous solution prepared from 
crude, dehydrated, nonspecific enzyme mixtures isolated from microbial fermentation broths and subse- 
quently dehydrated. Potency, depending on the enzyme involved, averages 50,000 international units of 
hydrolytic activity per gram as supplied by Worne Biotechnology, Inc., Medford, NJ. The hydrolytic 
enzymes may be rehydrated by dissolving 1 lb of dried enzymes in 5 gallons of water at 25°-37°C. This 
solution is added into the reactors in the ratio of 1 lb of dehydrated enzymes per 1000 lbs (dry weight) of 
biodegradable organic material inflow in the sludge to be hydrolyzed. 

Hydrolytic enzymes useful for the purpose of this invention includes a wide variety of the following: 



These hydrolytic enzymes are capable of hydrolyzing proteins, carbohydrates, fats, protopectins, pectins, 
hemicellulose, cellulose, and polysaccharides into soluble, low molecular weight fractions. 

For the protection and conservation of the sensitive and valuable protoplasm content of the cell, we 
usually limit the enzyme hydrolysis reaction to about 12 hours. 

For large volume installations, mixed cultures of viable, dehydrated, hydrolytic enzyme-producing 
microorganisms may be employed as an inoculant. Potencies are typically about one million fungal spores 
per gram and about five billion viable bacteria per gram as supplied by Worne Biotechnology, Inc., 
Medford, New Jersey. 

To establish a viable growing mixed culture capable of secreting the required quantities of enzymes, 
one pound of the inoculant is added to a 1,000 gallon stirred fermenter containing 750 gallons of sterile 
media of a type meeting the growth requirements of the specific microbial strains being cultured and 
designed to insure maximum enzyme production. Aerobic microbial cultures are provided with sterile air at 
a rate which gives a dissolved oxygen of approximately 2 ppm. Depending on the environmental 
requirements of the culture, the temperature is maintained between 20 # C and 50°C, with an average of 
25'C to 37°C. The media is adjusted to pH 4.5 to 7.5, frie optimum being 6.5 to 7.0. depending on the 
cultures being grown. Anaerobic cultures used in the process receive identical treatment without the 
aeration. In about 24 to 36 hours, bacteria in the finished liquid culture will have a minimum cell 
concentration of 3 to 5 billion microorganisms per milliliter and will have reached the maximum level of 
enzyme production. Due to slower growth rates, fungi will require a residence time of 3 to 5 days to reach 
maximum enzyme production. 

The size of the vessel or vessels needed to grow the cultures and produce the enzymes averages 
1,000 gallons per 250,000 gallons of liquid sludge slurry containing 10% solids. 

The spent biomass should be separated from the enzyme rich media as soon as possible by filtration 
or centrifugal separation. After separation the biomass is added to the raw sludge feedstock 34 for 
restructuring and conversion according to the process of our invention. About 90% of each batch of the 
enzyme rich media may be added to the enzyme hydrolysis reactor 19 at the rate of 50 gallons per 1,000 
gallons of sludge slurry having 10% solids. 

Ten percent of each enzyme batch, before separation of the biomass, may be retained for use as an 
inoculant for subsequent culture batches up to a total of five such extension cultures, after which a new 
series of cultures should be started with a fresh supply of dehydrated microorganisms as the inoculant. 

Thus, in large installations a microbial inoculant, plus its exocellular enzymes, may be produced 
economically on site from relatively small amounts of commercially produced dehydrated enzyme- 
producing microorganisms. 

Enzyme-producing microorganisms useful for the purpose of this invention include: 



proteases 
gluco amylase 
polysaccharidases 
protopectinases 



amylases maltase 

dextranase pentosanases 

lipases pectinases 

hemicellulase cellulases 
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Athelia sp. 

Alternaria sp. 

Arthrobotrys sp. 

Arthrographis sp. 

Beauveria sp. 

Botrytis sp. 

Cephalosporium sp. 

Chaetomium sp. 

Chrysosporium sp. 

Cladosporium sp. 

Conidiobolus sp. 

Coprinus sp. 

Cytophaga sp. 

Endothia sp.. 
Entomophthora sp. 
Eupenicillium sp. 
Fomes sp. 
Fusariura sp. 
Gliocladium sp. 
Glioiaastix sp. 
Acinetobacter sp. 
Bacillus sp. 
Achromobacter sp. 
Arthrobacter sp. 
Corynebacterium sp. 
Celluloraonas sp. 
Clostridium sp. 
Micrococcus sp. 
Streptomyces sp. 
Micromonospora sp. 
Pseudomonas sp. 
Nocardia sp. 
Thermoactinomyces sp. 



Myricoccum sp. 

Thermonospora sp. 

Tfeermopolyspora sp. 

Xanthomonas sp. 

Aspergillus sp. 

Acremonium sp. 

Memnoniella sp. 

Metarrhizium sp. 
Monascus sp. * 

Mucor sp. 
Mortierella sp. 
Myrothecium sp. 
Paecilomyces sp. 
Pellicularia sp. 
Penicillium sp. 
Polyangium sp. 
Polyporus sp. 
Preussia sp. 
Pythium sp. 
Rhizomucor sp. 
Rhizopus sp. 

Sporoboromyces sp. 
Serratis sp. 

Stachybotrys sp. 
Trichoderma sp. 
Verticillum sp. 
Candida sp. 
Saccharomyces sp . 
Saccharomycopsis sp. 
Torula sp. 
Yarrowia sp. 
Mycobacterium sp. 
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A method suitable for the optional chemical chelation reaction described as part of the residual solids 
removal process 26 of our invention is described by Wing, §i si. in U.S. Pat. No. 3,978,286. This method 
employs the chelating capacity of insoluble cross-linked starch xanthates to remove heavy metals in an 
aqueous solution by contact adsorption. Alternatively, other methods may be used for removal of metals, 

5 including chemical and electrical methods described in the literature for use with industrial effluents. 

Centrifuge machines well known in the art may be used for the digester sludge thickener 14 and for 
residual solids removal 26. Suitable high-speed, bowl-scroll machines for continuous flow operation are 
available from the Sharples-Stockes Division of Pennwalt Corporation, Warminster, Pennsylvania, and from 
Bird Machine Company, Inc., So. Watpole, Massachusetts. Alternatively, suitable filtration equipment may 

10 be used, including membrane filters produced by Dorr-Oliver, Incorporated, Stamford, Connecticut, and 
others. 

For some applications, the specific arrangement of the sludge restructuring process 17 may be 
modified or adapted to the characteristics of the raw sludge to be processed. For instance, some of the raw 
sludges 61 do not contain an undesirable level of heavy metals. Alternatively, where two dissimilar types of 
75 raw sludges are to be processed, two specifically adapted installations of sludge restructuring equipment 17 
and residual solids removal equipment 26 may be used to produce optimized BioFeedstocks 30 for inflow 
to the digester 11. 

In retrofitting modem municipal wastewater treatment plants with this Sludge Restructuring and 
Conversion Method, the digester 11 will usually be the existing conventional high-rate digesfter(s), typically 

20 with capacities exceeding one million gallons and designed for hydraulic retention intervals of about 20-30 
days. The conventional loading rate of the digester installation may be increased by restructuring part of the 
raw sludge Inflow into improved BioFeedstock 30, or variable-rate processing may be used as needed to 
compensate for seasonal or shock-load changes in the rate that raw sludge is required to be treated. 

In other installations, particularly where 100% of the raw sludge inflow 33-34 is processed through the 

26 sludge restructuring 17 and residual solids removal 26 steps of our invention, improved types of relatively 
small but high performance digesters, well known in the art, may be used. For such applications, it may be 
advantageous to utilize the maximum potentials of our sludge restructuring technology to produce solubiliz- 
ed BioFeedstock 30. As an example to illustrate these potentials, the Biothane Corporation of Camden, New 
Jersey, reports digester conversion of over 75% of nutrients into digester gas containing over 80% methane 

30 with hydraulic retention times of less than twelve hours. Capital cost and operational economies may be 
achieved due to the relatively small size of such high performance anaerobic digesters. 

The digester fermentation and microbial growth are dependent on the optimal supply of nutrients. The 
bacteria have simple nutrient requirements; and the various organic materials required by some species, 
such as B vitamins, a small number of amino acids, or fatty acids, are supplied by other bacterial species. 

as Inorganic minerals are usually the only other nutrients required. Most of the crude substrates utilized for 
methane fermentation contain sufficient minerals to satisfy the nutrient requirements for growth of the 
microorganisms; however, supplementation with relatively minor amounts of nitrogen, phosphorus, and other 
nutrients may be advantageous. 

All or part of the unique BioFeedstock product of our invention, available at conduit 30, may be used 

40 alternatively as a high performance liquified fertilizer, usually distributed in irrigation water. This biologically 
available nutrient may also be useful in hydroculture crop production or in the production of algae or aquatic 
plants. More complete information about such alternative uses has been published in our U.S. patents No. 
4,267,049 and No. 4,432,650. 

For purposes of clarity and understanding, the foregoing improved Sludge Restructuring and Conver- 

45 sion Method has been described in some detail by way of illustration and example; however, it is to be 
understood that certain additions, modifications, and omissions may be practiced within the spirit of the 
invention as limited only by the scope of the appended claims. 



1. in the method for converting organic sludge into a useful substance by disintegrating the organic 
solids in the sludge into organic particulate matter, and hydrolyzing the particulate matter with hydrolytic 
enzymes, the improvement comprising the step of further hydrolyzing the enzyme hydrolyzed organic 

56 particulate matter to a fluid form by adding sufficient base to establish a hydrolyzing alkaline pH. 

2. The improved method in accordance with claim 1, wherein the sludge is adjusted to a pH of about 
6.5-7.2 during said hydrolysis with hydrolytic enzymes and the temperature is about 20-50°C. 
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